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ABSTRACT
The objective of this research is to investigate the degradation of ZrN film annealed in

forming gas (N
2
/H

2
=9). The films were deposited onto (100) Si substrate by unbalanced magnetron

sputtering. Annealing was conducted in the temperature range of 300-1200 . X-ray diffraction
results showed that monoclinic ZrO

2
appeared above 700 . Changes in the morphology of the

films were examined by a scanning electron microscope. Large blisters with the size of 5~10 m
appeared above 400 . Some blisters have a broken surface. Many small irregular blisters showed
up above 800 . The formation of those large blisters was due to stress relaxation. As for the
small blisters, they were essentially resulted from oxidation. 
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1. ZrN CrN TiN

Table 1 Comparison of residual stresses for as-deposited ZrN, CrN, and

TiN films.

1. ZrN N
2
/H

2
=9 ( A B

)

Figure 1 Degradation diagram of ZrN films annealed in N
2
/H

2
=9 gases

(including color changes and formation of A- and B-type

blisters).
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Figure 2 Morphology of (a) as-deposited ZrN films and the films

annealed in N
2
/H

2
=9 gases at (b) 400 , (c) 700 , and (d)

800 for 2h. (A: round blisters, B: irregular small blisters)

3. 2 : (a)A (b) (a)

(c)(d) B

Figure 3 Corresponding cross-sectional view for Figure 2: (a) A-

type blisters, (b) enlargement of figure (a), (c) (d) B-type

blisters.
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4. (a) ZrN N
2
/H

2
=9 (b) 600 (c)

650 (d) 700 (e) 800 (f) 1200

Figure 4 Cross-sectional view of (a) as-deposited ZrN films and the

films annealed in N
2
/H

2
=9 gases at (b) 600 , (c) 650 ,

(d) 700 , (e) 800 , and (f) 1200 .

5. ZrN N
2
/H

2
=9 400-1200 2 X

( ZrN, ZrO
2
, : Si, : unknown

peak)

Figure 5 X-ray diffraction spectra of ZrN films annealed in N
2
/H

2
=9

gases over the temperature range of 400-1200 for 2 h.

( ZrN, ZrO
2
, : Si, : unknown peak)
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6. ZrN N
2
/H

2
=9

Figure 6 Laser scanning measured curvatures and residual stresses

of ZrN films before and after annealing in N
2
/H

2
=9 gases. 


